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Abstract
To search for seasonal variations we analysed data on 1998
acute toxoplasmic infections diagnosed between 1988 and 2009
in pregnant women. Two distinctive transmission proﬁles were
observed: one in rural areas, which was strongly inﬂuenced by
seasons with signiﬁcantly fewer infections in the ﬁrst half of the
year but maximal risks at the end of summer and end of
autumn, and a stable urban distribution with only moderate
peaks. Further studies on individual risks and environmental and
climatic factors are needed to understand what prevention mes-
sage should be given to susceptible pregnant women.
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Acute Toxoplasma infection in pregnant women carries a
risk of foetal infection that might result in moderate to
severe ocular and neurological disorders [1,2]. It is believed
that the majority of infections in pregnancy are contracted
via the ingestion of food or water contaminated with spor-
ulated Toxoplasma oocysts from the faeces of infected cats
or via the ingestion of undercooked meat containing cysts
[3–5]. However, it is likely that not all of these routes are
important epidemiologically in a given setting and that
unknown factors play a role [5,6]. Considering the seasonal
trend of several potentially risky habits, such as gardening
or the consumption of raw fruit or vegetables or consump-
tion of certain types of meat preparations, analysing the
seasonal variations in the incidence of infections in
pregnancy may help to understand what risk factors are
important.
We present ﬁndings from 1998 consecutive acute infec-
tions that were diagnosed from 1988 to 2009 in our labora-
tory in pregnant women living in and around Lyon. The
study area was limited to the Rhoˆne department (Lyon) and
to the seven neighbouring departments that represent our
natural recruiting area because of the stable network of pri-
vate laboratories that are used to refer, for conﬁrmation, to
our laboratory all suspected cases of infections detected
through the French monthly prenatal screening.
Deﬁnition of acute infection was based on the appearance
of speciﬁc IgG in previously seronegative patients or a signiﬁ-
cant rise in IgG in women with high IgM titres.
The date of maternal infection was estimated based on
the kinetics of the IgG and IgM titres. The same tests (Enzy-
gnost Toxoplasmosis/IgG and –/IgM tests, Siemens Health-
care Diagnostics, Marburg, Germany; and the Toxo-ISAGA
test, Biome´rieux, Marcy l’Etoile, France) were used through-
out the study period, which allowed for consistent estimates
for all patients. [7,8]. Information on the postal code of the
patient’s address at the time of infection was used to divide
the patients into two groups, based on number of inhabit-
ants: 544 who lived in urban areas (‡30 000 inhabitants) and
1444 who lived in more rural areas (<30 000 inhabitants).
The absence of signiﬁcant differences between our
patients and the general population of pregnant French
women was checked by comparing six variables related to
the mothers (parity, single or multiple pregnancy, age at
delivery) or to the children (sex, gestational age at birth,
birthweight) in our study population with annual regional and
national estimates [9]. Comparisons used the chi-square test,
Student’s test or the Fischer test.
Variations were analysed using the circular statistics pack-
age of the R software [10]. Calendar dates of infections were
distributed around a circle that represented the 365 days in a
year. The density of probability and its smoothed bandwidth
were displayed for a visual comparison with the circular line
that represents the mean distribution of events. The unifor-
mity of the distribution was also tested using the Kuiper test,
Rao’s spacing test and the Rayleigh test [11]. The observed
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monthly incidence rates were also compared with those that
would have been expected based on the proportion of
susceptible women at a given month, deﬁned as (1 – preva-
lence) · number of ongoing pregnancies. Prevalence data
were extracted or extrapolated from epidemiological studies
performed in France [12–14] and the number of ongoing
pregnancies at a given period was calculated from the French
ofﬁcial birth statistics records [9]. The comparisons were
based on adjusted and non-adjusted chi-square tests.
In patients from rural areas, the probability of infection
was higher between July and December than during the ﬁrst
semester, with a peak, in August/September, and another
from end of October to early January (Fig. 1). In urban areas,
infections were more evenly spread over the whole year
except for three non-signiﬁcant peaks at times when trans-
mission seemed lower in the rural areas (Fig. 2). The signiﬁ-
cant variations in the rural parts of the study area, but not in
the urban sectors, was conﬁrmed by the statistical tests for
the uniformity of the distribution as well as by the chi-square
tests comparing observed and expected incidence rates (data
not shown).
We do not have explanations for the increased transmis-
sion between August and early January in the rural areas.
Interestingly, three previous reports from Slovenia [15], Ser-
bia [16] and Austria [17] also suggested an increased risk of
infections at this time of the year based on the analysis of
serum collected in pregnant women over 4–5 years. The
peak observed at the end of the summer could be the result
of a higher consumption of fresh vegetables, including mush-
rooms, and fruit [17] with an increased risk due to the
humid, warm climate at that period of the year [18,19].
Explanation for the second peak probably involves several
concomitant or successive factors, such as prolonged indoor
contact with cats [14], direct contact with freshly slaugh-
tered meat during slaughter and preparation, followed by the
consumption at Christmas time of homemade traditional
dishes consisting of uncooked meats—consistent with the
sharp drop in infections in early January. Detailed individual
interviews and analysis of correlations between rainfall and
other climatic parameters and the observed peaks, would be
useful to determine if speciﬁc messages regarding hygiene or
food preparation and consumption are required for suscepti-
ble pregnant women who live in more rural areas.
Additional studies are also required to conﬁrm the stable
urban distribution, which was not previously described. They
should also be conducted in other urban populations in
France and in other countries that share the same main type
II genotype of parasitic strains. As eating habits in the cities
tend to rely more on processed or industrialized food, expla-
nation for the three non-signiﬁcant urban peaks should proba-
bly be sought in practices around the consumption of fresh
meat products (summer barbecues, promotional sales of
supermarket chains in autumn and increased sales at Christ-
mas). The role of seafood should also be investigated [20].
Until further insights are available that would eventually
allow tailoring of educational messages, the practice of
informing all patients about the risk factors that we under-
stand should be continued.
A preliminary version of this work has been presented at
the International Congress on Congenital Toxoplasmosis in
Marseille, France in October 2010.
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FIG. 1. Distribution of infection in the rural areas (1444 cases).
FIG. 2. Distribution of infection in the urban areas (544 cases).
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